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PROBLEM TO BE SOLVED: To suppress the introduction of defects by 
suppressing cracks generated by difference in the thermal expansion 
coefficients between a growing fll-V comp. semiconductor layer and a 
substrate crystal, and a difference in grid constants. 
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the mask 14. In addition, the facet structure is completely embedded (d) A 
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mm^i] I 1 1 -V]^{t^^(*©it5r=iri^+ 

mimmt^^^mmi&mL^^mui 1 1 i-vm 

1 1 - vmit^m^mw^ vr-^vv mm^^^fs. u tufi 
e.^fi3if, psj-rsfixs^ns© I i i-v;^{b^i|i 

i5r#SJ:T2. I I I -V;^ft^iti^fl:(DfiSfi:?^S, 
[it*:® 2} I I 1 -ViK^t^^ft©xf^r+^' + 

I I - vr^yh m&'S:mm. o^c 

5g«:<»:<t4>{cf(riB-7;^i»M*4«:S(.». SecCfflrgB^r* 

41 1 1 -vmit^^t^<Dmsom. 

I I I -v»5{b^^H#(*<!:(sioWfJf*\ ^)•S^<>{*tS^=■ 
5Et6:^I^JS^SK^Si©<Hfc14H5:WrS I I I -VMb^ 

m'^mt^^m!}S.Lfcmic. mfiB^'N-if-x^i/'^n/c-^x 
<!:-r^.^*3Six«2iB«g©i I i-vmit^mmw 

Ci^^i-rsa!*^!. 2X»3iBi8©I I i-v 

]K^b^^^t*©fiSS*&. 

«iia7 T-fe » h«^©ffl!JS*J {1-10 1} Bt?* 

SCi€:!^®i:-rS»*S4SB«©I I I -Vm^ 

*^ft©fSS:ija. 

r, ;^ F^'f:?':;^*s< 1 1 -2 o>::^$/c«< 1 - 

I 0 0 >::&|pjt:*ic <t*#Mi-rsit:*3S4iBt6© i 4o 

I I -vmit^^mi^<Di&S:yjm. 

im^i 1 mtimmt. mbau o, si 

mm. ZnOSS. SiC««. LiGaO, 

A 1 . o, mm.<D\,>rtHfi i ■:>*>e.3it»;3n. B?ia i 

1 I -vm^igjili^ms. GaNIS. InGaNM. 
AlGaNM. InNM. GaP)!i, GaAs^©Cir 

1 o*ie>®JI?3<a.5c <t*!NFai<b-rSft*3® 1 X» 

2 XtJ 3 X« 4 8a«S© I I I - V iR{ t^*«fl£©fiSS 

[IS*S 8 ] Ufa I I I - vmit-^^WiiiG a N 50 
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i{i^^-C* or. M^S: S«fi)c©*^»^7!»iG a N . In 
GaN. teiC/A 1 GaN©^-^^nc< i«>2o©t*f4 

«3X«4iajK©I I I -VS5|{b^^l^««:©fiRg^r 
a. 

[11^9] 1 1 1 -vmitMn'^i^mT^^^m 
^t^t^m»iiimi-r?>msmm<oi i i-vm^ 

IB I I I -vm^«5^«J©fi£g(Cj:»)BJiB7T-fe-^ 
hfltig*i««C>jiStirjg(S3nft: I I I -VKHb^iBJ* 

mtit>^m-ri>ciimiftii i i-v»f{b^4^ 
[iii*3Hi 01 1 1 1 -vmt^mmi*-tm-';m^ 

mr^yr-k'jhmm^mmhtsitfihmmLtci i i-v 
mit^^^^mmm-r^ms:mm<D i i i -vMb^ 
mmm^omm tth ccmr^-^^ i'tti^*sc\ uia i 
1 1 - vmit'&mmmi^(o0mic j:*)ms&yr-fz yi-m 
mmtbi2,itnxm^^titci i i-vMb^^{* 
i^rwr^s 1 1 I -vmit^^mi^mt:$>-^x. ma 

* I 1 1 -vmit-^'&mmwmo 

CH^i 1] IJiB»«i^fflfc. wriBfiEgM^tcfiSsr 
SI I I -V»|{b^igfi}S3S«£iimD«<st*>, 

^^^^iNiK5gc^©mttw=&w-r5 1 I I -vj^^b 

*#m<!:-rSff*ll9*40»ttfS^l osatt©! I I 

Cis^si 2] GsiNmmm»ti&^mL^mmmsm 
tfimtj:i>mm.mm. &.s(,i«B5ias«±«cj^fiS3<a/cG 

•) m^m^mm^ sxs i . friafiSSMJ^K: g a 

S-r •5fiSS«J|?©G a N3gi}^ft«b i i,K.tiisZ-7:^i^m 
?:¥S{bTSXg4WT-5 C <!: «r#mfr 5 G a N^* 

inrnM 1 3 ] m^m 1 2 {ciatssnfcG a 
tB»«. ■yxi^wisj^K^^-rsxgi^r^Trsci*^ 

Sti-r^G a NlS*»i*|g©?&fiK:^. 

[11^ 1 4 ] Ga Nm^m»t^'^^im9ssm. 
ifimtj^^mnRt. miEmmmm. *<E.tHiirfas«±fc 
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im^m 1 5 ] l 4fBtKOB!(IBG a NIS*«<*IS 

C t ^^Wi i -r S G a N^*^(*M, 

imm 1 6 ] 1*^19 1 2 «'&<,>(^^ 1 3 (ciotscD 

G a N Jh^mWma)WM(0'ikK. , BUieG a N IR^^^K 
±{CG a Ni^*#«:«^(Dae«jg*Jgj5-r -5Xg?:W 
■rS C <t *!|#»<!:r S G a NS*iS»SDB«)S©J^»iJt& 

[«^ 1 7 ] 1 2 (CiB*80G a NJR^^ft]^© 

mmo^iC. mtZG a N^i|^«:)K±«CG a N^^|S3I» 

[^*3S 1 8 ] WIBG a tim^mm^l-it, if:f}V^7- 
umm^-StsG a N35¥ilf*^5R^-C*5 C t ^^Wl 
fti>m^m\G, &St»«li*]ll 7ffi«CDGaN3g 

{m=m. 1 9 ] mriBG a n?hmtm'f-ifiG a n^^j^^^ 

P— tfC*SC <bi&#i!t<f:-r-5a*31 1 8Kt8<OGa N 
[i»^2 0 ] m^m 1 4 *>6c»»if ^ 1 5 (c^is© 

G a N^i^^(4:|BI±«C G a NI!^i^i9(»Sg^(DSIJa«»jg^ 

s n -c I, > 4 c <!: * i -r 4 G a N«¥««:aii « 

a N3s^ii^f*^±(cG a ^jhm^wm=H)mmmmi^m 

tsSS n. HdlBG a NS^#M*>6iJ>i:c < t fc«giB« 
vXi»t*l4**^*Stlt:(,>-SC<!:*«f»<!:-raGa 

{immz 2 ] itriBG a nm^m^^it.. ^tzrjv-^T- 

D«5g«#tf G a N3K^f*l63l£5R^-C* 4 C i 
<!:-r^iS3j5]S2 0*SC»«iW»B2 ISBttCDGaN^* 

[Sl*^2 3 ] i^BG a NISI6*3R^*JG a N^^tt 
U — y-C* S C <fc «:#a<fc -r •518*31 2 2 ffi«<D G a N 

{Wm2 4 ] 1 2 *-5C^*g»^ 1 3iB*S©G 

a Nm^ttm<D}&fiS<Dtg(C, griBGaN3^^ttM± 

a* <fc -r 5 G a N is¥»tt«^^cDSSjg:^ffi. 
[ffi^2 5 ] wm 1 2 (cgB«((DG a u^m^wmo 

Je^©f^{c. ffflBG a Nm*3l(*RJbK:G a N3^*»^ 
sRT4JKfi3c-r-5)Xgi. BgiBGaN^^(*K*i6ii^% 
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c t i'^m it r •£ G a Nm^i^m^con^^nm. 

6 ] itrsG a t^m^mi^m'f-it. 'si^a^'^^t- 

0^j*=&$tfG a N3S*^»^*^-?--C*S C <!: ^r^fii 
<!:-rSIS*^2 4*5C>«ii*]S2 5IBt8©GaN^* 

\.m^2 7 ] fulBG a Ni^^*^T-*5G a N?S¥^{* 
U— !f-C*SC i*#Sli-r5it*S2 6IB«8©Ga N 

10 [ijl^2 8] ii*]ll 4 4!><&0»g|l^l 5(C£|gCD 
iliBG a N 3R5ji^»lg±{C G a N IS^^ftfg^JjlJKtSS 

nx\,^i,ch^^tti>G& wimmm-m^i: 
[st^2 9 ] naa^ 1 4 (cgBiKcDttriBG a H^mm 

mk-VcG a NJS*^*^^^ *!JgRgSn. wlBG a 

■Ct,>* C i *i|^®i-r -SG a N3S^^^. 
tiS*®3 0] BiriaGaN?g¥«{*«^-«, y:r;U'N.7=- 
0«i§*$tf G a N ^.^WmMc^Xlh 5 C i 
t-rS«*:®2 8**l>«it*:a2 9fBtS©GaN3S^|i 

20 

[IS*® 3 1] inBGaN3g^7fe*^*5GaN3K**«: 
U-1fe*-5C: i*!^®ir5i»*^3 OiB«S©Ga N 

[0 00 1] 

4? + 1- ;i'ji!Eg 5 -tt •5:)?ffiRaf c ©fiS;s:«r&c ti tc J: o 
30 •r^e.n.s i i i -wmc^m^mmmr^. #cc 
i^^^'j^<}>'pti\.^^^MW^(mmmm.u g a n^^i^^ 

[0002] ^^{CGa Ni^^H««gK^Rc>*-e©sa§* 

ffitcpgu. ifeSi«aii©^«ctr^G a N*^t*RJ:{C0f!KS 
nfcG a Na^SW*«^RO£€-©«jfi:trffi(cM-r 5. 
[000 3] 

[ae*©Rjfj] 1 1 I -ywc^mmmi. mf(.\tm. 

Vcii^y^h. (GaN) SlW^iSj&i 3 . 4eV4:^# 

40 craa3ti-cc»4. 

[0004] <L<m%^m^.^fcmtf>^-i7.^vmt^ 

K^tilfih. GaN©J:^/5:*SBli-C{i. M^©}BilII*SiSi 
t,>c itcj: 0>''«;l'i'ieS©f'^35s^^{cBI|r*-3fc. 

xf>^^7.^f!mtz>^\%. m^it^yy^r (ai 
. o, ) s««ci'©j:5fets^?eK. jsm^sf^fti' 

50 nrt/c. 



s 

[0005] 

i»i';^ll3 2« (1993)1^1528-1 5 3 3MJ 
(Jpn.3. /\pp1.Rlvs.Vo1 32C1993) pp. 1528-153 

3). coJ:^^cisi^K:«. 5=>'<-fxiu-c©ttfi8*s@ 
if8{cSE<&5tt3i>»)-C«*<. fiRg®*i»A?K:K«3ti lo 

[0006] Sft:tS^:^^^«©xt:-4f+i^+;l/jigSCC 

B^rfiS/ca^^C. S*7JCDifeSfiKS-C 1 ym©S i O, 

^■a-.SCi3!U1$Pg^8-6 47 9 1 ^2^{Ci2*S$tir 
C»^. 0*>l/i»Pa¥8-6 47 9 l#fi«©«?!|-C«S i 

©l*»-5ci*ir*r. jg^^fiSBBffcSfliKjj&J^D-r 20 

[0007] *»Hj(7)Se<j{i, *S^^m-?>l8iMJ?g{^*5 
a®-^xfdf=^^j^i';Ufi£SJl-s©Mi?».-¥>^PS©lfe^ 
t,»x f if + t ;I/fiSSJB*ff * fc*©«tS:^F&%fi«-r 

[0 00 8] $ ^ic:^mm<om<ommt. ±iexfdf=^- 

->i';l'fi£S*G a NI^¥3S»©^SCCfiJfla L*gS^© 
ii>fj:C^GaN3S^J^^M*M«-r^C<!:(c*S. 30 
[0009] 3;A:*:^W©flfc©Sfi«J«. ±saxf^+S^ 
I'A'fiSigCCJ: 0JI5fiSS*lfcGa Nlfi^^i«*:|g±K:Ga N 
3S*^»^^^«j§ (0!l;^{fGaN3^i|i^i*^3^^^^ 

*f^K-r-SC<i:{CJ:0. «n/c^^14©»6tiS 
GaN3R*««:*-?^ (mtf G a NJR^«:»5^-? ) 

[0010] 

mm^mm-iri>fcit>^m] *i^?B© 1 1 i -vmt^ 

^mmt^<DmSi:^mit. i 1 1 -vmit-^m^mw<ox. 

l«S|-r5«S«JS© I I i-v 

[0011] sfc*^?g© 1 1 I -vm{t^m^mi^<D 
fiRS:«rS». I I I -vMt^¥«»©xf3f+j^i. 50 
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«5isas<!:tfrT5@^-?>jsuiK5i^*ss«cs 1 1 1 -vm 

6fi£S3-B-. KS-rSfiES^^© I I I-VMt^¥ 

[0012] 3 6.fc*i^Bjor) I I I -vmit^mmw 

^P-^t!j^«S«?S^^©mi4®?:^-rS I I I-vm 

[0013] 3i!:^Hj(D 1. 1 I - vmt-^mmi^mt. 
*iB«^«.RSSMi^© I I \ -vm\t^^^w<j^Wumi 

iifcK«rfB^Xi'tti^*ac\ liliBI I I -Vgjft^ 

*i#®i-rs. S6{c. iiiBi I \-ym\t^^w 
s c <b STfRF^i -r s^fiii r^.. 

[0 0 1 4 ] H5ffi'7;<i7W|sHgfiR8o©«««ffi{c 
BUfefiSS€S^(CfiRS^S I I I -V]^{b^«J^i*<!:[5l 
D«*4)!p. *SO»tS^5£iK-^SSlMg«^©mi4a* 
WrSI I I -VJ5lft:^^ft:*sj|5fi£3nri>-6Ci 

[0015] :ti^m(OGsiNmmm^m<Dm^mt. 

M. * S t » BH9ie2«±CC JKRg 3 n/c G a N IS^^ft^ 

fitr 5xg i . mmm^m.i^ic g a n ^ifi^f**J7 t -b 

©GaNJS^I^ftiittcMiavXi'WfJf^Stv 3 6 

g*wr4ci4«Fa<!:-rs. *fcGaNa^*aM*ie© 

mmom. BirsaGaN3^^fi*»K*>6^^c< itfiiia* 

[0016] :^m^(DGaNm^m{^mmmm(DmfS.-^ 
mit. GaNm^»m(mm<o'^K.. muGsiHSkm 



[0017] *#l?S©Ga N3S*««:^^CDSUg:era 

CC. B!)ieGaN^*«(*M±{CGaNS*3Sft^^*}^ 
^SXSi. f^GaNS5¥aSftlB*>6ii>!Ec< ifcfr 10 

mi-rs. S/cl(riBGaNIR*««:^^^». df:f)l^f 
amm^^tsG a N^^{**31HR^-C* S C <!: . S 6 
tCBuieG a N3g^3R-?-*lG a NIS*««: U --tf -C* -5 

[0018] *^©G a Nmmm»mit. G a Nl^^li 

*-&l,HJ|!rlBSS±CC}^fiS3tl/cGaN3S*^«: 

*s6figsL./cG a Nm^mmm-r?>m&mm(OG & 

(CfrtBG a Ns^^fi^ftCDRSSfC J: OfiriB7 r h«|jS 

[0019] :$:^?g©Ga N5S¥»f*WJl«j§». SfTi* 
OG a N5R^«:iR±(CG a NI&^(*«^©a®«Jg 
diJ^BJtSn-rt.»SCi*!RF®i-r*. SetClJIBGaN 

§ tin,* s c i ^i^i-r 

[0020] *iracr)G a N36*i«*«^^W. G a 
m^Wm±iCG a N fiTt,^ S c i 

^Itmi-rS. l;/cHilgBGaN^^«:|g±K:GaN^ 
mSiGaiNm^»!SHfihi>fj: 

Sirs. 

[002 1 ] S etclJIBG a NS*3¥»IR^». 

^T-am^i^tsG a N^**<*^^-7--C*>.5 C i 
iRfiii-r-S. m§iGsiNm^tM-=f-t}iGa.Ummmf^\^ 40 
-1f-C**C<!:*!|t»i-rS. 
[0022] 

[0023] 1 (ommmm) ^^om i <Dmm 

[0024] «!ji6{c. «stm<fc»me*SK:o. *<D 
i^^^^fmii^m^<omc^mim-ri> i i i-vm so 
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{b^iK5*«f*l 2«rS«±{CfiSgl/. ^O^MitCy-* 

«1 0nm*>62Mmgg-C*«3. fiSS^J^ 1 3*Jj:C;f 
vXi'l 4(DX iiSO. Ittni*i^l0 

wmgaiLfco (01 (a) ) . 

[002 5 ] -Aic, fUSimicKtL I I I -vmit^ 

SiM*Jf^f;^«:«*&l^%*i?>a«l l«rffS©^SSSS 

r. ^^mmi 3CCI 1 1 -vmit^mmmwi s^m 

{b«J*ffl(,>Sife{t!&^aia(Cj:SSvfflR£g (VPE :va 
por Phase Epitaxy ) xn'^iiK I I immnicm 
tS^S^fflOiWa^JSffc^^tBAiKg (MOGVD : 
Metal Organic Vapor Phase Epitaxy) 

[0 0 2 6] III -vmit^^wi 5«. wmm 
Pi-cjivxi' 1 4±«:fissii-r. fS&mmi 3<o^xm 
s^s*iiiBco. fisg^iis±©i 1 1 -vmit^^mm 
i^i bmtyr-fzy hm^mmBti^. c©<t#©i 
1 1 -vmit^mmmwi soes^mi^r-fe^- h» 
j§3!»ij^fi£$ns J: ^ 6 5 0 •c*>e> 1 1 0 0 •C©fiRSa 

S. I I I )i«5Mi^©#l*&SCC>tf U^*^^ 2 0 0 0 0 0 

^^m^-r^vtmnom^omi'c^n^. mi 

(b) ) , 

[0 0 2 7 ] 5e>{cxb-^f+->-f ;l'*!SS^iKW2.i. I 
I I -V]K{fc^!B}iJi^ttl 5«7r-bf h«it©H«:« 

orgfi:*^rr6i(cRSS*sjitffc»J>. «fi«JSA:w-rft< 

■7X^7 1 4«:a^J:^{c^cS, ^L/TRS-rS^SMl^ 
©III- V«5<b^!^*^«: 1 5 ©7 r -fe ^. h^jgiS 

(HI < c ) ) . 
[002 8] $6fCxtdf+i'i';HSS*iKW5<!:. y 

r-bv h«jt*!a*ji*n (SI (d) ) . wmtfjic 
». ^«&affi*w-r5i I I -vmib^^i^Bi 

5 Offset *s-C#.5 (SI (e) ) , 

[0029] m-^. mm±.ict&iF-^^mfmm<omfj: 

S I I I -Vi55{t^^f*©i©SRRg*tf 5<!:. 

< ur*>, ite(4©fi^swm6n^d:t», 

[0030] ie^<mmiiiz>-m.x\t.. mm&vi 

yMvV »fiKSjiS*ifl6©ffl J: ») fc«t>(c3in -S. 
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[ 0 0 3 1 ] !|^{c I I I ]^mK:ig{t!|^i^fflt,^sie<b% 
i^iHi^tcismtB^S-cti. I I i-wmit-^^i*i 

S%Sffi©:5iSj«:{#o'ici«:<s:o I I I -vmit^m 
5K*jWSSe{c{#DfSIEfii[*:^itiK:«6-rc 

[0032] I 1 1 mmK.m's^m^mi,''zm 

Jt-tTTfiSSjiaj&sjK ±a(D«fc'5K:©I I 1 - 

vmit^^W 1 5 ©7 r -fe F flijg© ^ ^S«E i 
lalDffi*i«-¥»< m^S<fc ^ Cc-rn«<J:l». 
l^ic*f-r-5v;^i'©ffia*;*ct<mf*-7Xi7±*:'6© 20 
fiSSS©«*&fi*stt^Sfc»fiKS^J|8K:*5W* III- 

[0033] (ommmm) *i%Hg©^2 ©njs 

©j^-«K:-pi»r. I I I -v;^{b^*«ft©j:-f4f+ 

[0034]ia5 (a)~(b) t-cam 1 ©*lfe©J^ 
Sg©01 (a) (e) <i:|^«:^cI@-CfP$3L.r(,>-S 

/cs{)Si§B*=tBs-rs. m2(Dmm<mm-cit. i 1 1 - 

V]Kft^!^^l^(*©x f + iVfiJES^tf UfiSgJS* 

^mitVtc^t^, ^2©^>:i'4S:tf (05 (c) ) . 30 

n 1 <omm<omm^mmicy r -fe h^^^^sb. ¥ 

S<fc*tf-3rv»* (BIS (d) ) . 

[0 0 3 5 ] M2©JliS©?K<S|-C». 01 (a)*>6 
(e) ©{'f«XS4^»JiI-rci(Cj;9}^RSL'/'cI I I 

. [ 0 0 3 6 ] n 1 ©*6s©jg!ii*€.t,»»m 2 (ommom 

S«C<!:4ft'F€lg^-f'l^3g^!^©M^-S«m'&>^S 
f!KST'Stl^«:*?S!lt?*>»J. Al, O, . Si. Si 
C. MgAI, O, . LiGaO, , ZnO^©«g 40 
^©. GaN. GaAlN. I nGaN. InN. Ga 

A s XttG a I I I -vmit-^<mm»(DgL&K. 

[0037] SEfcia 1 *>sc»«ia5-c{isffi{c-e©^x© 
x^-c^g-rsigjHiigi;. *-5ti»^©«)Ki*s^;£ 
^^mmmmi(omc^n^m-ri> i 1 1 -viK^t^^j 

mBtcaSvXi'^JgfiKO-Ciai (b) ~ (e) *S 
WJias (b) (d) ©::^aH2;^'&tforfc|3l«*S» 
l^*sff^n-5. 50 
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[0 038] § ^icr^HJgwff^SI-ciiv:^ i'lAtbX 
h ^-f ^t^©>'<^?->«:fflc»fcfi£g^i^«:ot»ritt?§ 
^n^fcHfi. cnK:K6ri5fc©-C»ft<. 7T-fef K 
«jgAains*>©-r**a«. ^S^tS©J^t^J*s*ei5«. 

[0039] (113 ©jfeSS©?^!^) ^^fc, :*:^??©||3 

©3isfi©jf5,tiK:oci-ciftBj-r5. m3(omm<mmit. 
m 1 © jiife©?i5si* e t ^tJii 2 om^oymmvittm l tc 

I I I -vm^*^i»©ifif+'> + ;l'fiSS?:Ga 
fc©-c*e. 

[0040] 113 ©ji:te©}g]si». n 1 <Dmm<omBi> 

*GaN3fti}£^^fCfiJfliL//c4>©-C*0. ^t)i-r-5fi»f 
[0 04 1 ] tttJJ{){C. GaN3^*^*iS»l^5B«^^^ 

ffi<f?xy Fi5'9^>i^a?:ffll,>-C«Sii©fiSSMJ^«: 
[0042] -XicmSimmK.M U G a Nl^^^ft© J. tr 

$f + t -'t'^s^tf ^ , nzmmmic^&r^ g a n^* 
«»©ifesiss*s». I I immmiciivt;j>. (g 

a) iie^b*^ (HC 1 ) ©JSl£:^!B)-C*sm:^i; 
■?A (GaCl ) tV»tll?4tCT>^-T (NH, ) 
;^«:ffll>.Sa{biB5li^ffifCj;SStif!SS (VPE : Vapo 
r Phase Epitaxy ) TiS-'N-f F-^-f KVP E;fe 
^. Ga/lMCcWtS^ii^ffil^SWtS^fb^^BsS 
g (MOCVD : Metal Organic Vapor PhaseEpitax 
v) fiSSSS»6 5 0 "0*16 1 1 0 O-Crff 

|g*^62 0 0 0 0 o{g*ffi*&-5-ntfj:i>. 

[0 04 3] GaNai^«cJB©xe3»+i'f /b^S 

W, lll©Slife©0,^iPI«|{C. GaN?S*^«J*5»]*i 

fiCO. tSS«J^©GaNjK*^|g«:ttfi«©H* 

[0 044] if5» + i^ + JUfiSg«riKWSi. GaNJfe 
r -fe -y F«jS©M{C*f LrSiS^d::m6l«CB8g 

5. •g-0-C|»«-r6fiSSSg«l©GaN^#»{*©>'yfe 

S i . G a NJ^^NI^tC J: 0 7 t -fe 2; F^J*3t»iaa)ji* 
n. ®^fl«)«C{3:, ¥ffi'6:«ffi*Wr-SGaN^iJ^«:M 

[0045] G a Nlt^Ol'i^if^^CDi'fmti^mmUtclb. 
S£*©G a N3S¥«tt©MSfiSSr«Sffii LX-^V r 
-frSffi. S i CS«^«:ffll-»-C*fcAi. cn?>©Sffi 
«G a NSI^NJffi »«^3©R-?>imgK^**S«: o-Cti 
•S, C©/ca{>GaN3SiNI»©xf^?+->-i.;l'fiSS«:tf 
'Ji. «S<t©l!iS^^bfcilSa^ll{C<!:*>«c5i£ffi 
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[0 04 6] 3*:Sllfi®}|5a8(Cj:5xtr5»=^ij^i.;bfiKg55f 

jg^r Wr ^. G a NlS*^ft ^ x f $ + + b r t » 
©Sffif=t)fi*^ 6 ^ b /ciE{4*i yriz-9bK.M^':,xm 10 
[0 04 7] L1tifi'3XGaiN3^^»<Dl^SXmf:' 

^^*©xt•3^+^^^'J^fiSS^cJ;Slg/P©ii)lIKc^$t,^ gs. 

[0048] C©J:^R:»tSLh«:v;^i'«:<J:D«*?W«c 
Jg^Sn/c^gMJ^fC^rHZ"^ h^jg^WrSGaNsS 20 

[0 04 9] 3 6(C. m3©||iS<DJ^gg-Cf#e.n.5Ga 

(■!»-7y-frS«^) i-7;^i7iGaN3^*^(*(D— SB 
«:l^*-r C <!: -C. i^Si«jPS©i!>i5:l,»G a NJ^^I^^f^M 
©SR<!:L/rfflt>SCi*s-C#S. COar^J&GaNJS 
^ftjBLhtCGaNJfe^tf^^^^rfmTSCir. G 

t?*-S. 30 
[ 0 0 5 0 ] * fcG a N3Ki<^i*|g-i^*5G a NIS#5^«i: 
^5t«^©*B^». If^T-fTS^rrajBitto-CI,* 
/cG a NJ^^I^«<*|%3t3R^«:*iW4S«ggffi-sCD«g0 

[0 05 1 ] 3 6«:GaNJ6^«:|63^^*tGaN3R 
a|£3lf*U— tf©tS^«. GaNJS^fti'NtggSASS 

J:S^g 5 ^-©ft«3»JDit6«:J5cS, 
[0 052] ^c*j, ^3©IIS6©ffJ!^K:*jW.5GaN3S 

#««:ii©ji^««i»?gj:» 1 (ommojm<03L \^if^u 4o 

[ 0 0 5 3 ] H 3 ©5life©}^S§©SiHg-C». G a Nl^^j^ 
alf*^«^^5EIS•^Sfelli^?i^©S^^d:■5.SS«H^CiES^•r 
X i^^J^^-r-Sm^Lz/c*!. SS±CCG a nm^W 
=fefiXgL/cf^«c, ^GaNlS^^ft^ffiCCTXi'^rJ^fiS 

[0 0 5 4] $6«:*Slifi©JgSS{cfflt,>S-r>^i'ibr 

1 ©*Jfi©JI5!i§*.5l,^«ll2©||JS©?^Sgi|SI«!6: 
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©fl5mc*iWSGaN?^i|i®(*KiLr»GaN. Al 
GaN. I nGaN^*s&Cf6nSASGaN!!»s^fc»i; 

[005 5] S fcG a NJ^^t^^^jg-^^i Lrtt, GaN 
U -if •^i'G a L E D l?©G a H^^mWm 
31&^^fl6{CF E T-?>H B i*©7=^<'f ;^(C«>®fflnI 

[0 056] (^4 (D^<mm.) *:S?S©II4 ©ll«6 

[005 7] mA:(omm<mmt. g a n^^wtm 
i^®^-^^s^^SlS:*5s^cs«K±{c. m i ©iiis©?^ 

jg© X f ^ + 1- -C G a N 

S6«:c©GaN^fii^«it:/f[|g±K:GaNS5 

[005 8] m4©llite©m<S§-C«G a NJ^^|i^fl:M± 
©G a N3R3NI»5R^i L-CG a Nm^l^^ft^JR^F* 

[005 9] «(;»«:, mimmic-7:^p^^^i,^ v 
[0 06 0] -7Xi'RDt^s^Js?©ffjt^i brw. ^ 1 

[006 1 ] •^X(^l&mmmK.MUGahi^mmt^<OS.\:^ 
^=irty^)m&^n'>. GaN3^^fi^«:©^Sffia, I 
I imm.UiCiJ'J'f-t'^ (Ga) im** <HC 1 ) © 

sjc&ifiRia-cibsm^y'^A (Gaci) twtmm 

icr>t:^T (NH3 ) :*/X«:fflt,^^>'N'f F^-f FVP 
Ea*i*f * L/C»di. WSI^H^t^^ifiSSft (MOVP 

[0 06 2] GaN=R4^®<*©xf^»+i^-f 

HI ©*te©?gsiii^«iK:. GsiN^m»»immm 

fiRS^^©GaN=KiJi*^*{CttS«©M75f{l<b» 
[006 3] xf5» + S/ + ;PfiSS)g:iKl-f*i, GaN* 

r -fe i- Y-m^<DmicMLxmm.tj::m^ic^m 

* LXm^fZiasmtfOG a N3K*3lttK©7 r 
•fe--' F«j§iS84-rS. 3 6tcxb-^?+->i';l'tSS*iK 
^•5 i . G a N J^^{i^ft(Ccfc 0 7 r -b i> h «jS*5«S>ji 
3En. gi^e*j{C«. ^JB^i^ffi^WrSGaNIS^aStt: 

[0064] -^iCG a N3R^^*)g±{CG a N?k^mi^ 

mutc^. G a Nsh^m^mnfimmi n/cSs^Mo c 

VDJ^g{c-fe2» hU. ^5£©fiS. ;*fxSSS. V/I I 
IJt-C. nMGaN®. nMA I GaNi^^y y Vm. n 
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mmm. pmaighnb. pmG&n^ii^ m. 
[0065] ^x{c. i^-^-mmim^Ltcmmimm 

S^C-fe'^ h SS. S i O, vXi^, fciOfGaN^ 

gp^sfg t r G a Nm^m»m^mm $ i* 

SmU/cGaN^^^^IRCD®. t tj:t> % G 3iNm 

[0066] ll4®j|iig©}^,^(Cj;f)«T©^m*^f#e. 
[ 0 0 6 7 ] H 1 ©Jlife©}eSI©xb-5f ■^;UfiKS-C 

li^n/cG a Nm^mi^m^tcG & Nmmmim^mm 

Messrs C i{C J: »). fi£3f«D-9-:7T-rTS«*«(,>fc 
BSSf PflSii^c-^-CCi/cG a NJ^^t^^^^T-^j^CctjW 
Sifdr+i^ + ^URSgJ^CDifeJitti&ieJC^r*. GaN^ 

[0068] ^ ^{CG a Nm^mim^f)^G a N^^m 20 

^cf'f^fi-cm?: G a Nm^mt^m<DmmicB^-ri, 

[ 0 0 6 9 ] *fcG a Nm^t^^ft^^iJ^Ga 
^ftU— !f©«^(a:, i^ffB^tfi'ptsi^^GaNm^^ 

^i^tcj: 0 Ga N?g^|i««:U— !f«jt©^^Jig5 ^-ffi 

2.«i^«:l^-c^^jSiS 5 ^-ffi*JKf!SL.fc*>©«:J:b-<:^ 30 

[0070] J&te. lf4©|||fi©}gSi«±fB©Si?8«:E 
^3txS4>©-cB<c<. i£:>SK:fD:i;rffe©«^. 

[0 07 1 ]m«. GaN5K**«:)S©xt5f+S^ + 
1 (Omm<DJ^mfdtrfcrj: < . 31 2 ©SIJt©0 

ai©)gffife-c*i. 

[ 0 0 7 2 ] 3 6CCG a NJ^^t^^ftlSiKlG a NJK^SS 
(*«T-©a)l«Jg*f'PSfO/cf*CcS«. ■v;^i7;Sr^*L. 
/c*i. G a NJS^«:)|»^J5Rg«;Sfi. •5';^i'<tGaN 40 
3^¥««:I8©-SP=&^* L fc^K G a NI^^^S-?^© 

[007 3] G a NJ^^J5^tt:M*>6S«t. v;a; ^7 

gn/cG a NJ^^(*^-?©teStt©Jl!l!im/cW»/ct,^© 
SS, •r;^i;©K^**tTt>-r. GaN3K*» 

[0 0 7 4] S6{C*^©JK®{Cffll,>SvXd»<!:Lr 

tin. -t&. m^ii^m-rici:i>iv^i,, ttc:$mm so 
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<mmtiCi6m,Ga.N??:^mi^mtb-atGaN. Al 
GaN. I nGaNlf7!»!!*lfe>n.5*iGaN*ig*>JfS 

[0 0 7 5] tfcGaN?fk^i^m^tLXit^ GaN 
a^^jS^f^U— tf-?>G a N^L E D^©Ga 
3te^^=•©ffe{C FET-¥»HBTi5ci-©f'>'-<'/;^{C taffl pj 

[0076] 

[0077] (HI ©^Fd) *^?§©II*SMk:oi» 
■c. (000 1 ) ffiiJ-^r-rr (Ai, o, ) mmi 

1±CC1 Mmge©M/9©GaN^l 2**6*>DfcJg 
e£l//£:«S*fflC>fc. C©GaNlil 2«ffiKS i O. 

^>if'c-7Xi? 1 4 ifiss^^ 1 sic^mufc. 

^1 3*J<ti>'-7;;^i' 1 4«. ^n-en5ttm*$i:i:X2Ai 
m©*i©X h -7 >f r/'l^-C* -5, X h 7 >r :/:&|ni»< 1 1 
-2 0>yjmtOtc ((01(a)). 

[0078] SESMI^I 3{CfiSS-r-SGaNMl 5«. 

I I immmciJVOA (Ga) i*l{fc*« (HG I ) 
©Sl£:^!^-C*^,^^t^/yi?A (GaC 1 ) iV]^ 
?4K:r>*^T (NH, ) 0:x.=^:m^.^i,J^^ V^^^ h- 

VPEffi^ffltifc. SSI l*>'^^' K^-r F©^:^g 

tc-fe 5» F *^ffl«-cfiESias 1 0 0 0 -ctc^r 

5, fSgSS*5^^L/-r*^6. HO 1 S^*2 0 c c/ 
«^-C«if&0, NHjSSfil 00 0cc/S:»-C5»g 
SfiUS-rSCir. fiSS«lSl 3{CGaN)ei 5© { 1 
-10 1) MA>e.!^j:6:7T-fe-^ hWii'&IiSSS-ti/c (0 
1(b)), S6(C. 2 0^raga[xf$+~> + Jl'fiSS 
^m», 1 4%S5*r7r-fei' h«jSl 6*^ 

^^-a-zc (01 (c) ) . 

[0 07 9] xf $ + >>i.jUfiS;g3&i^W5c<fcK:J:D7 

T-fe^. F«^?:a»ii* (HI (d) ) . smmncit. 
5^ra©fiss-c2 0 0 umm^<D^i&rj:mm^mri>G 
aNmimmsatcmi (e) ) . G&Nmis^B 

[ 0 0 8 0 ] ^ 1 <om&m-vi,mmmm^mm.-ri>mvi 

0S^iC^K). ffldS** (1-10 1) miP>Di3:i>y-r-by 

fi£fijiS*iffi©®J: 0 jl<,^;^c*fc3^nr < 7 

■kv h©fflis-cc©:*iSi'Nf#afSci*5r»a<«t*. 
[0 08 1 ] :*:^JK:ir)s!cgl//ciSa*»ifflK:^-<S 
7T-fef h©m-c. li:^^I6JK:fi^f6♦^. xfif^t^ 
'>i';H@!©BIWittl«:m>. m&<mtctiiicttit>ip 
■,tc, ctitcj:*). xtrir+i^+iUJKF«i©XPa©®«*s 
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1 5 Kw. ^y7-{ 7WSL 1 1 i^m-'mi.^fmm^iSL 
Pi*s^^{c^i>^c < . xm^mt 10' cm' gar* 

[0083] :«ISS«>!|-Cfi£SO/cGa N«»i^lS*i^S 
(,CCl>fji<^ C<D±{CU— -tf, FET. fcJrCJfHBT^cA' 

[0 084] 5 6(C1f7T -fTKSl l*fF^S¥KJ:r> 

mm^it^mmmSim (mocvd) ^m\.^xi>m 

SiSffi, ZnOSK. Si CSS. LiGaO. 

S?>{CA 1, O, SSll±{CGaN]K 

[0086] ISfcvXi'14<!:U-CS iO, *«l»/c 
i>iCtHcmf^tlSi>(D-r;arj:< . S i N. IfCD^iH^^ 
]^T*)a:t,i. C<Djlife0!l-C«-7Xi' 1 4C0i|ii*2 ymi 

!5:^m*5ff e.ns„ $hicxV=7^-:f^<\ l-20> 

se©:J?isi<i -1 oo>r'4>j:<. cn^©:6risj*»p> 

V h«S**>^fiJE3n-5fillS6fi©^litti|4«:J:-3-C-e 

[0 08 7] *;rcGaN(Dxb-3f=t^->+;PfiSS«:oi,>r 
m^tcifi. InGaNia. AlGaNlg. I nNK. G 

a P)g«> -5 t,»»G a A s K=&x f ^ +5/ + ^USSg 

isi«i:^j:js!im*s#^n.5. 3 6«:(!Sg-r.5 1 I i-vmit 

[008 8] (112 *fEH«®l^2 ©JlSfet^ItC 

-p(,»r. lli©lliit?9ii5iD<0i*#ML/riftiq-r 

[0 0 8 9 ] m2©||{fe0!|r«> SSiOr. (000 
1 ) SS i cas 1 1 ±k: 1 a m®S©K/l©A 1 , . i 
Gao., NMl 2?:*6*^0«>Jgfi£0/cifiS?rffll,» 
/c. C®A1,., Ga... Nei2RE{CSiO, 
IS*JI5fiRU, 7* h ';vi/-7-7 ^-)S<t'i'X5' ^x-^?• 
13. *jJ:CJf-5':^i' 1 4«. •eti-etiEMm. *sJ:Cfl 

0 M m©iiii©x h -7 -Y 7"t)cr* -5 . X h 5 :/:^riBi»< 

1 - 10 0>1iltiti,tc ( (01 (a) ) . 
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[009 0] f&mmmi3i,cm&-r?>GaNmi st*. 

I I I]glMI4{C;</y"i7A (Ga) i^ft** (HO 1 ) 
(DKJt^miirCi>i>mt:ff')'^A (GaC I ) <tViKJl 
f4{CT>*^T (NH, ) AfX^rfflt^-S/N-^ F^-f K 
VPEffi«rfflt,ifc, «fil l«:^^-< K©fiE:^ig 

(c-fe h ^m^H^reRftss 1 0 0 0 -cicmu-r 

-5. fiRSSe*5^SCr*^6. HC 1 ii£S*2 0 c c/ 
S^r«*&b. NH,ji£fi2 0 0 0 c c/fi:»r5»e 
S^IS-rSCir. ^S^l^l 3K:GaNMl 5© {1 
10 - 1 0 1 ) ffi3*>6%-57rH29 H«Ji*fiScS3-a:fc (0 
1(b)), 

[0 09 1 ] 3 2 0^lfflgS[xb-d'+Jx-f;l'fSS 
«ri^C:f. TXi' 1 4 4gr^*rGaN©7T-b^; h«Ji 
1 5%l%i4Sl*/c (01(c)). 
[0 09 2] xf^i + ix-fJl/fiSgJ&iKW-SCiK.fcOr' 

T-bif vm^^mtbih^ (Bi (d) ) . »i§efj{c«. 

5^pa©fiS;sr 2 0 0 umms.(ow-mrj:mm^^-rzG 

aNM=&J^fiS3-tt/c (01 (e) ) . GaNMl 5<DB 
fig^. NH, :tf;^«:fl»&Ui&*56SS!ter?^L. tS 
20 g^MJ:'51X'3ta-r. 

[0093] 02©IIJ6Wc^-,r?gfi£3nifcGaNM 

1 scctt. s i ca®i 1 io^^m^'pmm^^tfi 

k: 5-^ i7*5A-orciJict»ci*5sg^ 

*i^Nmic^^c<5«CRSffiSttl 0' cm' ffSr^o 

[0094] 2(!:ii]tep9rfiSgLfcG a Nmitxmmm 

«:ii>!6:<. C©±k:U-1f. FET. isJiO'HBT^ci' 

[ 0 0 9 5 ] sfc. Si cmm 1 1 ^mmmdcj^-oxf^ 

S-rscir. GaNKi 5'feS®|iti|s^iurm>«c 
[0096] m2<l>mmm-Cit. Ca NiK©xb-dr+-> 

mm^^it^msm&m (mocvd) *fflc>r*>iai 

l*ffll>/t*i. SiSfi. ZnO»«. A I. O, S 
S»S, LiGaO, MgAl, O, 

40 4fflt»r*>l5l«i3:3a*3!»i^6nS. S6CCS i C««l 
l±«C|gil©GaNIBil 2**6*>C«WefiScl/fc*i. S 
SI l±(Ctt^vX4'%ffJj«Lr*>J;t,^. 
[009 7] S/tvXr^l 4<!:LrS i O, ^fflC^lTc 

*!cncc|Jg6n*«>©r«^j< . s i N. sse©^^^ 

Bi-C4>J:C>. C©llii5«^rtt-7'Xi' 1 4©i}i«r l O Mm 
<!:L/c*5, -7Xi7«:S»jityCi©r*S$ir**T,l*|3I 
«i5:5$!>l^*it#e>n2>. S6«:xh7-f^*<l-100 

iSii;©:;^i^ii< 1 - 1 20>r'fcj;< , cn6©:^[Bi*> 
50 6«w/cftSr*-5rt>iteSfiK:S©^mcj;«5. 
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[0 09 8] S/c$e>fcS«l \±<omthxk IM^ 
0. lOA 1 GaN^fflCi/c:!&«. C(Dmmt&M.<Dh(D 
rj:<. C<3[)JR<»:Lr-e<Df6{CA 1 N. InGaNfti' 

^m\^>xi>wmtjin^t(^nhri^. ^eccoaNCDxt- 

a? + £^i'^l'^gtCOC^r^^/c3&^. InGaNjg. Al 
GaNM. InN]^. G a P)R4)€>i/^tSG a A s M?: 

S^S I I I -Vg5{b^fc:F3re!K<Dm»PUr4>l^«& 

[0099] (US (DUSfiW) *^^(D||3 CD^JBFSCC 

[0 10 0] macDjiJfetaitrti. S«<f:ur. (i i 

2 1 ^SCC S i O. Ig2 3 :7 ;r h »; V 

2 2CC^BIL/c. fiSS«i^2 2. *5<fcO*v;^ ^ 2 

-So ;^ h'7>r:/:&roi«< i i - 2 o>^i^<!:L//c ( 

2(a)). 

[ 0 1 0 1 ] G a NMcD^g«. ^ 2 3 ±tC^j^g 

cDGaN?&^^^^^}qI$IJT5cD^C3aiu/c>'^>r K^-r kvp 
(Ga) i^ib*^ (HO 1 ) (Dmt^^m-c&hmt 

(GaCl) <b, V]KJ[lf4tcr>'=E:j:.T (NH 

3 ) 

[ 0 1 0 2 ] tS-r. e«2 1 ^^;^BiC-fe h L/. * 

L i^j:?)^ e> 1 0 0 0 'cm^aymmxmmm h 30 

/d^. 5 0 0-C(CP4a$-lf. HClifeS^O. 5cc/ 
fi^-trWI&L. NH, 86S1 0 00 cc/«^}T5^> 
gSeas&T^Cctr. jga^JiXS^i^2 3tC*^2 0nmO 
K;|r<^)GaN>'^*5;:7r«2 4^Jg^-r'5 (02 
(b) ) , 

[0 10 3] CcDtKJSt?. NH3 i^:^^^mi^Uffih\ 

0 0 o^ctc^-r-s. ^sias>&^5^;£Lr:?&^6. hoi 

Sai*2 0 cc/««^r«if&L. NH, SSfilSOO 
GaN/^•y >'T-il2 4±CCGaNC[) { 1 - 1 0 1 } ffi 40 

(C) ) O 

[0 104] xf^4^>>^>rI/^Sg^j^C:f. 
^2 3?:S'5S-CGaNK2 5(D:7T-b*:^ h«jg^*^ 

C:f. 5KJPalCD^Sr2 0 0Mmfig[CD^ifi 

u^m^mr^Q^i^m2 b^j^i&^Mfc (02 

(d) ) o GaNM2 5CD?^^«. NH, :^X*#t|& 

[0 1 0 5] ^3(D||lteWcJ:o'Cfl5Ja3n/cGaNM 50 
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2 5 (C5i. Mg A 1 , O. S«2 1 tCD^^^mSL^m 

C<h3Wl^$n/c. L30^*>. /5M^S*t7o/cGaNK 
ccti. i^|Ji:d9f;gr{c^«c<. i 0"^ cm^ sar^o 

/Co 

[0106] *ie56«?!lr^SL//cGa NH«XPB*^*« 
Cc^/cC<. CO[)±k:U-if. FET. fcctyfHBT^c^ 

SS2 l^W^^«:j:-^T^*-r^C<tr. GaNM 
2 5 ^S«MI4<f: brffil^S C <b fcr ^€>o 
[0 1 0 7 ] ^30j|35S««lr«. GaNl^tDxf ^ + 

Wti^S^t^^B^Sa (MOCVD) ^ffil^T*>|nI 
«|/j:^m35>W6n^o S/t«SP!lr«. MgAl, O* 
»«2 1 ^flll>/c:«>^ S i Z nCSe. S i C 
KS. L i GaO, SS. A 1 , O, »«^^ffll^r 
«>l5l8l/j:?a*:jC>5^6tl^o 5e>CCMgAla O4 2 1 
iCCiSgvX^^J^JSL/cJ&s. S«2 liCCGaNM^ 

[0 10 8] ^fc-^'y^d? 1 4«i:Lt:S i O, ^fflC^/c 

7^cnocK6n€>fc(Dr«/cC< .sin, i?(D5»3^» 

^j^^tfen^o ^s^JffiWrii. ;^h^-/::^^<l 1-2 
n<!:ga:o:^[oj< 1 - 1 0 o>-cfcck<. c.tihcyn'^ 

[0109] *fc*^IJfi«-C»S«_h^cfia7N'^r :7 T« 
*St:fft:ft^GaN]g<DJ5SS*?f-^rc>^;^««>. iKSi^ 
Rl ^ i f) ^ /j: < -r C <!: pJtl i /cC ^ o 

[0 1101365C. ||Si««-t?». GaNOOxt^f^i^ 
-^'^bfiSigCC-oCiriS^/c;^^ I n G a NJ^. A 1 G a N 
InNM. GaPli. Ga A sjg^xfc'^+Sxi^ 

[0111] (»4<D^«^) *%WCD^4<DSISSWC 

-OC^r. 03. 04^:#Mbrsi?g-r^o 03«S»?W 

[0112] -^mmrQ^^. s«<b or (0 0 0 1 )® 

<DA 1 , O3 SS4 1 ±CC1 /i m^iSCDeiSCDG a N 
M4 2**>63&^Di5)ff$^L//cMSS«€:fflCi/Co 
[0113] C<DGaNIK42affiCCS i O, |g«JK 

vx^4 3<bfiSSMiS4 4CC5J8tU/Co ^SMi^4 4 
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4 /xmCDilSOAt^ (H3 (a) ) . Sl^^Sum 

<DE.nmm ms (b) > . i6j:i:/5 umn<DmM 

(03 (c) ) <D3i|lS<!:^c^v;^>5?*iE-n-enffll^ 

/Co 

45ti. I I immn(^hVy^))^i^VOJ^ (TUG 

a) Riy^h yy^;ur;i'^^»^A (tma i ) tvmm 

[01153 04«H3(D^fiM«*fl^^UircS«±(c 10 

mm&m^m^>x i i i -v^^it^i^^^^^tt^ff^^ 
^^xm(DwmmT$>i>. »«4 i^wta^jifb^^ 

L/j:?:^^ 1 0 5 O'CCOfSL^Umcm^r^. 

vm^iy. NHa ffissooc cc/«»T?i o^^m 

Sfltjf^-r^Cir. ^:gm^4 4^CGaNM4 5<D {1 
-10 1} ffi7&>6/cC^r?T-fe2» h«S^®:g$-l±/c (0 

4 (a) ) . 

[0116] $6CC. 3 0^^1gjgxf^ + i^f ;l/RgS 20 
^MC:f. vXi>43^a^iS-CGaN®4 5CD:7T-fey 
h«ag^^^3-l±/c (04 (b) ) « 

[0 117] xb-d?^>''t';i/^S^Mt:f'Sci«:<i:OG 
aNjl4 5 0:7T-fe-:^ hM^^m^ih^ (04 

( c ) ) . :g*^WCC». 1 2^raCD^Sr 1 0 0 /imfi 
S(D^«ifcC«ffi*W-r'5GaNe4 5*^^S'f*/c (0 
4(d)). 

[0 118] 3«!lgCDJf^cD^S^i^{C?&^L/cGaN 

•t^:7T -rr SS4 1 ^ ^:?&5Ar?ri^/j:ciC<i: 30 

to 1 1 9] 2p:|^MrfiSfiL/cGaNK»i^fi|3^*m 

^ii>/cC<. CCDitcU— tf. FET. *5<J;D^*HBT/j:^ 

[0 12 0] $6CC1f:7T'<r»t^4 l^We^CCj:^ 

m^&r^cir. GaNii4 5^s«*tl4iurfflc^ 40 

[0121] m4<D||5S«?Jr^i. GaN]!iOJ^b-^^^>' 

WS^{k^^tlfi£:gS (MOCVD) ^mi^^xi>m 

fcibK SiSS. ZnOS^. S i CSS. LiGaO 

mi)m^ti^o 3 etc A 1 , O, SS4 l±CC)eigcr) 
GaNjgi4 2^*6*^i;es?>^RE0/c:«^. SS4 1±CCia 
Svx^^?gjSOr*>cl:cio 50 
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[0 12 2] */c'7X^4 StbrS i O. ^Ml^/c 

[0123] S/cGaNOxf^+i^-t-^l/fiXS^COCi-C 
ai'^/c:;0^ InGaNR AlGaNJS. InNR G 
a PM* -5 li«G a A s M^x f ^ ^ ;l^^S L/T 4> 

i5S&S(iii;&^f#6n^o ?6tc^s-rsi I i-vm 

[0124] (US CD 11)560(1) *^0JCD|| 5 CDHJfeCTtC 
[0 1 2 5 ] 1 CC^^. 1 umOlgilCDGaNKS 

2:«>^?BfiSsn/c (000 1) mow r^rmw^b 1 4 

[0126] CCDSSS mMCCS i O, m^'BlA 

1 O-^X ^ 5 3 i0 1 O^SMig 5 4 CC^J'SL/Co m 1 

O^SM^5 4. :fe<i:?:J^lllcr)VX^^5 3«. ^tl^n 

:^:)7rpI53:. <1 l-2 0>iU/c (05 (a) ) o 

[ 0 1 2 7 ] ^ 1 (DJSL&mMb 4 mS-r^^ 1 OG a 

NM5 iM^ommmi tmm^c 1 1 1 mmAi^ii 
y^i^A (Ga) iwt*^ (Hc 1 ) (Dm^^mx;^ 

hmtiJ')^2>^ (GaC 1 ) <bVM^.I4tcr>^^r 
(NH, ) ii:^^m^^^^^^ K^w^ KVPEjS^ffil^ 
/Co l^>'>'f K^^ FCDJ?£:^gCC-fe HL/. * 

«#H»r^iaa 1 0 0 0 'cf^mMrr%. e 5 0 -co 

SS:^^^6SS5 l^NHs ;<7X#H^tc-r^o RjSSS 

s?&5^mi/T7!r»e>. HC 1 ssa* 1 0 c c/«^mt& 

NH, Sfefi40 0 0 c c/^r6 O^racDlSS 

® 1 (o^mvmmvfcM \<d {^) t^h ie) <o 

^SXfi^Mr . ^ 1 (D^:^ ^53 €:a^^)3^^/cll 1 o 
GaNias b^l^^-fh (05 (b) ) o HlOGaN 

[0 128]^^CC, GaNK5 5±tcSC/S i O, m 

^ff^^b. I|2<7)^SM^5 6<h^2CDvX^5 7^Jf$ 
^T'Sp -eti-enox h ^ ^ 2 Aim. *jJ:C>'5 
/im-cfto. X h'7>r:7':firi$i«< 11-20 ><!: U/c 
(05 (c) ) o co»«5 i±k:. S(:>\ mKomm 

mxm^i^tcm 1 0 ( a ) ;&^6 ( e ) (DSSSX®^^ 
-C. I|2CD^X^5 7«ra«?>ii^5P^. teJ:-e 1 5 0 //m<D 
||2CDGaNJi58 *«S3lf^mL//c«H4»/c 
(05 (d) ) o 

[0 12 9] fiSgL/cm2(DGaNM5 8<DiXPi^»rffi 
aiam^S®t^-Cia-</dS*. :XRI*U0' cm' « 

Ti@s6r^/j:t^fccDr*)o/co ccr«. 2S:P§cDjl 

[0 l3 0]mb<DmMmX{t. GaNliCDxt-^ + l^ 

^•;^^scc>r^>r K^>r FVPEiffi^fflc^xfl^^o/c*^. 
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mu^mit^mm&m (mocvd) ^mi>xhm 

SiS«. ZnOSK. SiCS«. LiGaO 

mmWhti^o ^eCCAl, O3 S^5 1±CCGaN 

SS±^ G a NM 5 2 fi»0 1 <DvX 

[0131] */cvX^5 3<hl/rS i ^md^tc 
3&icnK:Ken-5«>Or«&< . S i N, ^(Di»»{* 10 

^^e>-r;l-;SSK:oi>ri^-N:/c^^. InGaNI^. Al 
GaNli. InNK. Ga PMab-SC^^Ga A s J. 

-5 1 I I -vmit^m(>c:^mi(ommi^xi>mm 

[0132} :^^(0^mmr^^tG a Nm<0 III- 

[0133] (me ommm) ^mM<Dme<DmmmfiC 

a N^iiCG a Nlg*®«:U— !f ^^Kig-T^Xg^SiBJ 

[0 1 3 4] 06tC7j^-rS«6 1 tc». 1 amOieW© 
GaNjge 2:^iJi5^$ti/c (0 00 1 ) M<D-tf:7 r-fT 30 
a«6 1 ^ffll^/Co mffi^S i O, li^JK 

-f-j^i-^x ^ hx-^^>>f-clPfl(7)^;^^6 3 i^l 
<0:^h^^y'iK.tLfc. :^ h ^ ^ -y-Jjl^i^t. <l 1-2 

o>:fym^fbi o&m^rfxmmLtc me (a) )« 
[ 0 1 3 5 ] m 1 (ommme a KfSjscr^m i (og a 
Nj3i6 5 ±Mmmmm i <bI^ntcc 1 1 I mjm^ii 

y^A (Ga) i«{t7k^ (HC 1 ) (OKm^mr^^ 40 
^mtii^y^^J^. (GaC 1 ) iVJ^f^Ccr^-^rxr 

/Co Sffi6 1 €:>'^-< K^>r KCD^^SCC^2 h * 

s^ffl^tr^gas 1000 •ccc^-r '5>o 6 5 0 -CCD 

ifi'S^'&hXt^h. HC 1 SgS^4 0 c c/S5^-C«l& 
L/. NH, SSSl 0 00 c c/S^J'. *5j:0'5^^> 

(SiH« )iS£fi0. 0 1 cc/Sfl^TI SO^ra© 
^ST. mi<D|^e?llrSi?gL//c01(D (a) 

( e ) CD^:^S*MT. m 1 <DVX 5? 6 3 50 
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/cj@i¥2 0 0 /xinCD|?l(DGaNM6 S^ffJfiST^ (S 
5 (b) ) o lllOGaNJ!S654Jf$^^. NH3 *f 

aNM6 5J3:. nM"C. 1 x l 0" c m-'tliO^-t- U 

[0136] ;^tc. G a l^Jh^m{^\y-^m^(DVm^C 

mm.^mit'^mm&m (movpe) ^ffli^rf^ 

$?U/Co GaNSie S^ffJfiRf^. MOC V D^gCC«fe ^> 
hUv :4cS#H^'CfiSgSai 0 5 0-C(C^ia-r^o 6 
5 0*C(DaS;&i6NH3 ^;^aiH»K:-r-5>o S i ^r^ 
J[jnL//cl /imO/l^cOnMGaNiie 6. S i %aSSnU 
fcO. 4 Mmor)/l$CDn^A U.isGao.asN^-5'^; h 
B6 7. S i iSISnU/cO. 1 MmO/lSCDnMGaN 
^ii^ y^me^. 2. 5nmCDi5SOT>F->''I n 
c. , G ao . • NS^^^Fai 5 n mCDil30T> F-:?' I 
no.p,Gaa..sNWIiJld:>6^C'5> 1 0Jg»3©^»S^# 
F1fiSr£tta6 9. v^^V'^A (Mg) ^mmi^fc2 
OnmOiP^cDpMA lo.2Gao..NJ17 0. Mg^gS 
flnU/cO. 1 /im(DSf3(DpMGaN3E:^-r FJi7 1 . 
Mg^^flnU/cO. 4 iLimO/P^CDp^A 1 o.isGa 
c».,,N^^*:^ K®7 2. Mg^^ttlU/cO. 5Mm(Dil 
$<DpMGaNn>^>7 he7 3^JIi^M^^bU-1f- 
«i§^fPS3U/c. pMCDGaN:3>^^ h^7 3^ff^fiS 

^Scfc^mOWt- (EI6 (c) ) o 2. 5nmC?)/l$cD 
T> H-::^! n..,Ga..aNS-7-*FJB<i:5 nm<DSS 
CDT>F-r^I n..o,Gao.s5N|^MIl*^63^^6^1ra 
^#F1»itr£1*li 6 9 7 8 0 -CCDajS-Cff^fiS; U/Co 
[0 137];XtC. U— tf-«Jg*fl^^L//c1f7T-^T 

«S6 i^wiis^-b--' Fu. -^vr^rmmei. g 

aN]162. SiO, '7>^^63. *jJ;0'GaNli6 
505 0 jumBFeL-CGaNRe 5*SUi3#^o SHl 
L/tGaNSe 5BtC». (T i ) -T>»L'^ (A 

1 ) ©nM^7 4^J^fiSL'. pM(J>Ga NJ17 3±CC 
ttx^-jTiU (N i ) -5fe (Au) (DpM«e7 5*^^ 

-r€> (06 (d) ) o 

[0 13 8] H6«:7S*ru-*1f«iSrtt. KffitCnSm 

[0 13 9] ^/c. 1fr;T^r<bGaN3K*5Stt<!:Ci*g 
mLfc\y- if s ^ - 1 J-v ^ ^ J: 0 

[0140] cntc^tb. *jlifeWrii^B^^Rl:^^^^f 

C^GaNjl6 5^J¥<^S-r'SC<b?&sr*^/ci6. 1^7 
T TS«'^VX L/T G a N 6 5 ±tcj^ 

fiSU/cG a Nsga|^^(*CDU-1f1tiSCCt3:R|g«/cC < . * 
/cG a N® 6 5 ±CD U -tf ^ I3tc J: ^t^S ^ 
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±Ltc, 

[ 0 1 4 1 ] *35teMt?«. GaN)16 5±K:U--tf- 
m^mUXi/^l^. -If^T-fTSSS 1. GaNM6 
2< SiO, •7;:^i'6 3 4ff|gLfc*5. t._-!f_;K3g;j. 
{^SS-r-59ircc-9-7r-fTS«6 1, GaN«i6 2. Si 

[0142] *jeSfi0!I-C«. I?-^ r -f TSSS 10 
1, GaN®6 2> SiO. -7;^i'6 3©W^. teJ: 
ZJfG a NHS 5 CD— SB5:®Flgl/r . nMomg^J^RSL 

aN®6 6*/c«6 5S-C^*L/nM®ffi*ff^^SU. 
[0143] 

vXi'fCifJSfeJiOQfiSS^J^^rftMlx. 7T-fe-^ FES 20 

g^ffi-rci-c. fiKs-rs 1 1 I -wmit^m^m»m 
CD I I x-vmit^i&i^iMm^BfS.ri.ctifi'c^ 

[01] *^B^o I I I -vmit^^{^<mmf3m 30 

[BI2] A 1 GaNie:»s^fiSSti:^M{rA 1 , O4 S 
[BIS] aJ?fl«I(Cxtr3r+2^ + ;HiKS-rSBSS®l^}g 

[04] 03©^tt. Hftji5t»:. istxm'mfo^m. 
m^jimiytcmmiKLm^Wi&m.^m^>x i 1 1 -vm 

[05] 2|i:«?BO0iSJm*2llg|i3igL/-CJ^REUfcG 
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[06] :$:^?g©^S:^ffi^ffltirjf^(Sl.fcGaNM± 
«CG a NJ^^ii^^wU— tf-^jS«:jejaj-r.5XS©tllBS0 

1 1 fi«2 

1 2 SiSfcJ^^Stifcl I I -V»?{t^^*a»»:)S 

13 III -VMl:^*«»%^S3<*^fi!ifi®J|« 

1 4 VXi' 

1 5 xf5»+;^-f;Ufi£SLfc I I I -vm^fJ^Jf 

16 I I I - wmit^^i^OV r-bvVUm 

2 1 (0 00 1) H©1»-7t-/T«« 
2 2 G a NIS 

23 vXi^ 

2 5 xfiJ + i^-f^KiESLfcGaNlB 

3 1 (lll)M©MgAl, O, 

3 2 l*im©GaNR tfctJAlGaNK 

3 2 Sffi±Ccj^tS$tifc^g«« 

3 3 ««±(CJ15fi5ELfcS i O. |g©v;^i' 

3 4 xt■^^ + '>1'J^^SL./tGaN.'^•.y7T)l 

3 5 F7-f KVPE^-CfiKSLfcGaNIi 

4 3 ■v;^^' 

4 4 fS.&m€L 

5 1 (0 0 0 1 ) ffi©-y-7y WrSfi 
5 3 01©v;:^>» 

5 4 mKD^S^W, 

5 5 lll©GaN)a 

5 6 m2(oi^^mm 

57 ||2©-rXd' 

58 ll2©GaN)l 

65 nMGaNM 

66 nMGaNIB 

67 nSA 1 „.,,Gao..,Ni'-7'? FB 

6 8 nSGaN3t;«/-f FJl 

6 9 1 0@ffi©^£fi^#F«]S?S1^ 
70 pSAl o.,Gao.,N)l 

7 1 p^G&H^ii-i Ym 

72 pSA I..».Ga...,Ni'7f F» 

73 pSGaN=i>tJ?^ FB 
7 4 Ti-Al©nMSS 

7 5 Ni-Au©pS>S@ 
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[^tfB] ¥fiR13^4^13B (200 1. 4. 13) 

[^Pa#-^] ^mW- 1 0-3 1 297 1 

[4i^a] ¥eJclO¥l l>^24a (1998. 1 1. 2 

i^mnm ^^w^^ i o - a 1 3 o 
mm^^] <^m.w- 1 0 - e 2 7 e 0 

HOIL 21/205 

C30B 29/40 

HOU. 33/00 
CF I ] 

HOIL 20/205 

C30B 29/40 D 

HOIL 33/00 C 

[HtBH] 2^3^22B (2000. 3. 2 

2) 

[ts^i ] 1 1 I -vm^*»(*<Dxfa»+i^ 

iicmsMmt^^m^-^mmmmmtfimfi^i i i-v 
1 1 I -vmt^^mnfiy7-k-:> h«ji*jKfiSi,& 

*i6>(!KS3-tt. BfS-rSRSlS^^CDI I I -Vg^{t^!B5 

c<!:*#si^s 1 1 I -vmt^^mwo^&ijm. 

tCi!riBSfi<b*S^5ti5:-?'IKU^©^ifciWS!&:-S I I I-v 

^=^5£l^^s»l^c^offi^fct4®€:wrs I I I -vmit 

-m 



8S[i-rSiS5}5^1X«2f3«8©I I I -Vi^t^®f¥# 

i,cti^m.i:-ri>m^mi. 2X(i3iHtsoi 1 1- 

ot:. miiyr-bv h«iftcDiiM*i { i - i o i } ffit? 

*i>c<b4!^i^5W*JB4KK©i 1 1 -vmt^ 

or. I- -7 :?'75'l^*t< 11-20 >*lSl*fc»< 1 

I I I -vMb^¥^si*<DfiSs:^. 

[i»*3®7] mbai, 04 ««. s 

iSS. ZnOSS. S i CS«, LiGaO, S 

«. Ai, o, ««cDc»-rn*>io*i6SJ?3n. mr 

ffil I I -Vmit-^^mt. GaNK. InGaN 
AlGaNR I nNM. GaPR GaAsJP© 

i,»-rn*» 1 ^*'6iiiR$ii«.c i*!RFmi-r i 
x«2x»3x«4fB*g® 1 1 I -vmt^m^m^<D 

Cii3j?]18] friBI I I -V;^fb^!B!)i|iSS(**5GaN 
?k^mW-CS>-z,X. M?C'Sifflfi£©*«(*)l*lGaN. I 
nGaN. tiJrCFA I Ga N<0^ %iJ>rj:< t fe20CDM 
i^*^ 3 n-C (ri S C <!: ?ri^@4 i -r SSf ^3® 1 X« 2 

x«3X«4iais©i I I -vm^ia*«f*©RES:^ 

im^9] I I I -VMb^!BJ¥3l(*ttS^^5©l^^ 



'^mW- 1 0-3 1 2 97 1 



mvy7-*2y hm^ijfmutjitiib^B^btci i i-v 
mit^mmii^immrim&mmDi 1 1 -vmit^ 

MSe 1 1 I - vmit'^^m»<D0SMicj: o SJsB^ r t 

f him^mibii^itixmmstitci 1 1 -vmt^<& 
^fti^wrsci^ritai-rsi I I -VMt^ 

10] III - v^{b^*^(*its^-^is 

Mig-c^T-fei' vm^^mnsLi^tiifihWi&i^ici 1 1 - 
vj55^t^^(**sBS-riJi!ES^«©i I \-wmt 

«jS*sas{)ji*txr}f5fiKsnfc I 1 1 -vm^^ 

lEi I I -v;K^b^^^«c|g*>6ii>ii< ifeitrifiS 

i-rs I I I -wmit'^^wm. 

■r* 1 1 1 -wmt^^m^tm\:^m^ti^. 
^'f-^^^mmwt^m.omcwm^^t^ i i i -v»i 
{b^*«»*i?i5fiE3ti> ttriai I I -vmit-^^^^ 

<!:%i|$mi-reiS«:®9*St>»ii»*:51 0Kt8©I I 
immm 12] G a N3Si}i3l(*i*S^^^SI(-?>|^i^«^ 

J: 0 fimm.mimm-i>JMt . mrsa^s^i^K: g a n 

BSS-r-StRSM^cDG a Nl^^t^^S^i <!: -bKBSria-vx i> 

ffl*^«wt-r -axs^w^s c i -r * g a nir 
csi^ 1 3 ] nim i 2 (ciais^ n/cG a nih^m 

!^ i r s G a njh^mwmoi^mfsm, 

14] G a N^i{£3S(4:i«^5£»-^JI«Ui^5S^ 

3 ecCflJiflG a Ni^iNltt:©fi£S«: J: 
»J^iB7Ti2-y h«ji3!(SJl««)ji**i-C»«t34ifcGaN 
J^aH««^**-r set -r S G a N,^i|^«^IK. 

[ 1 5 ] ig*^ 1 4 IBtgCDBtrSaG a N^**«: 



s c i «r#m<i: -r s G a Hjk^mwm. 

[it^ 1 6 ] nam 1 2 ^-si^x^^s 1 3 icim, 

CDG a Nm^«:M©ffJfiR©f^CC . 99136 a NJ^iji^^: 

OJbfcG a ^?h^{^i^i-<jmmn^^m&ti>JM^ 

( 1 7 ] m^m 1 2 (ciatscD g a n ^.^mwm 
i^^mmm^k^mm- sxg t . b^g a nm^m 
mt^^-r ?>ct ii^mt -r s g a Nm^mi^mmm 

[fi*S18] BriiaGaN3^^fi^ftJg-f«. a^'rr^U'N 
7-nfliJi*#tf Ga N^SiJi^^^*3l^r&SC i^ilf 
iitrSii^Bl 6. 7ffiJiS©GaN 

C^^3S 1 9 ] MiaG a nmn^'i-D^G a NS¥« 
f*U-1fr*SC<!:*i|t»<b-r-5«*«l 8fBtS©Ga 

[«^2 0] ii!^]Si 4*sm*ii*]® 1 stciaix 

©G a NIS^<*S±«CG a NIR*^S«:«^^©Bl)l«tji 

CiS*:i2 I ] if^^l 4*-Str4Ji»*]ll 5fai£© 
G a N.^^^{*M±CC G a N5S*3S»lg^=-©SJi«jt*i 
f^lSS n, BufBG a N3S¥^<*M*^e.^^c < i fcfftaS 
vxi'Wm^^^^n-Cl^SCi^iltiiA-rSGa 

CsS^2 2] itriBGaNJS^^fti^T-lJ. 

7" a«iie€:^t? G a iim.^mw^^^-c$> i>ct^n 

»i-r4st*3S2 0*Sl,>{iit*3®2 lffii8©GaN3S 

[S«*3® 2 3 ] WIBG a N^^3e5g^*JG a NIS^I^^ 
tfr*SCi*!|t«i^.Sill««2 2fai8©Ga 

[m^2 4] M^ill 2$>.S(,>»§S^^l 3§B^© 
G a N JS*aW*cJg©?g^©SK . «i^G a Na^^H^ftK 
±fC G a N3S4^3Stt#^*Jf5fiS-r 5Xg«:WrS C i % 
i^tTS G a N^*iSft^^©«jS:«nS. 

[^^2 5 ] n^lM 1 2 {CiHK©G a N^*»(*IB! 

imT-immr ^xmt. ttrta g a n m^^wmt)^f^i}> 

iQ:< ifegtriaS«. vXi'**ir4?r^*rSXS<!:*WT 
* C i «:#aii 5 G a N j^^^^^SJJi^S. 
[i»^2 6] Si)iaGaN3S*«{*^T-«. ir:f)\,^ 

frjm^i^tsG&Nm^m^m^^vsbictim 

mtti>n^2 4i>ii^>itn^m2 5§BtK©GaNJg 
Ci«^2 7 ] MiaGa N^^3t5g^*!G a N^.M^m 



(DiirlBG a Nl^^l^ftaiitCG a N3^*«Si*^^*s0*R 
5 n-C t ^ -5 C t €:!RfSI i r S G a NJg^f^ft:^^. 

2 9 ] fg*3S 1 4 {C5B«<0^G a N^^m 
»m±K. G a N3Siti«(*»^=-*«jefiK$ BUifiG a N 

7'amm^^tsGsiN?Si^mi^^^^-v^^ct^m 

ii<»:-rSii*^2 8*SlHi»*Jl2 9fB*£©GaN^ 
*««*^. 

[fi^Jl 3 1 ] MiaG a NSJ^*^T-diG a Nlg^li^ 
i*U— C i «#ai<!:^4ii*3S3 0 iE*£©G a 

[l9jjqB3 2] msEGaN?F.mm{imtm^ifiriyh- 
[ 3 3 ] BiriBG a ^^msmmtSk^ifiTi^ Y 



m^W- 1 0-3 1 297 1 

- ^ wr ■& c <t ^!^iii[<b -r 5§t:»s 2 

2X«2 3 IBifiOG a NjK^^f^Slll^ji. 
[gB»3g 3 4] MSG a N3^i(£agi»^^T;{>i7> K 

- 7-g^#Fr£tt^ wr c <fc ^!^m<h -r ^ »»g 2 

6X»2 7ig$S<DG a Nj^^^tfST-cDMiS:/^-^. 

[^:»]S3 5 ] m^G&^m^mw^m^i)^ry k 

-:^g^^#F>S1^a^W-r^C^^1tSt<!:-r&iS»3S3 
0 Xta: 3 1 tBiSOG a N JR^aj^:^-?-. 
[*i^«iE2] 

msmsi.mm^\ 0021 

[002 1 ] 3 hVimUG a NIS^{^^«:^T«. 
'^^umm.^-^isG a N3^*^{*^^^-C*-SC t€r 
l^mifS. SfrffiGaNa^^?l£3R^*JGaNJK*»«cU 



-ffi 3- 



